Measurements are presented of the branching fractions of the decays B 0
Introduction
The decays B 0 s → D ∓ s K ± offer a prime opportunity to measure CP violation in the interference between mixing and decay [1, 2] . The B −0.007 [4] , where the uncertainty includes contributions from non-factorisable effects [5] [6, 7] , followed by the LHCb collaboration, which measured a ratio lower than the theoretical bound [8] , using data corresponding to an integrated luminosity of 336 pb −1 . This paper presents an update for the absolute branching fraction of B Fig. 5 .
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[9] and (1.91 ± 0.24 (stat) ± 0.17 (syst)) × 10 −5 [10] , respectively, show a difference of about 1.8 standard deviations, and suggest that an enhancement of the branching fraction due to rescattering effects is small [11] . Note that throughout this paper, charge conjugation is implied, and thus that the branching fraction B(B The LHCb detector [12] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a silicon-strip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream of the magnet. The polarity of the magnet is reversed periodically throughout data-taking. The tracking system provides a measurement of momentum, p, with a relative uncertainty that varies from 0.4% at low momentum to 0.6% at 100 GeV/c. The minimum distance of a track to a primary vertex, the impact parameter, is measured with a resolution of (15 + 29/p T ) µm, where p T is the component of p transverse to the beam, in GeV/c. Different types of charged hadrons are distinguished using information from two ring-imaging detectors.
The trigger consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction. The software trigger requires a two-, three-or four-track secondary vertex with a significant displacement from the primary pp interaction vertices (PVs). At least one charged particle must have a transverse momentum p T > 1.7 GeV/c and be inconsistent with originating from the PV. A multivariate algorithm [13] is used for the identification of secondary vertices consistent with the decay of a b hadron.
In the simulation, pp collisions are generated using Pythia [14] with a specific LHCb configuration [15] . Decays of hadronic particles are described by EvtGen [16] . The interaction of the generated particles with the detector and its response are implemented using the Geant4 toolkit [17] as described in Ref. [18] .
Event selection
Candidate B 0 (s) mesons are reconstructed by combining a D ± (s) candidate decaying into three light hadrons,
, with an additional pion or kaon (the "bachelor" particle). Each of the four final-state light hadrons is required to have a good track quality, high momentum and transverse momentum, and a large impact parameter with respect to the primary vertex. The contribution from charmless [19] . To reduce the combinatorial background, a multivariate algorithm is applied. This boosted decision tree (BDT) [20, 21] is identical to that used in the analysis of the CP asymmetry in B Pions and kaons in these decays are required to satisfy particle identification (PID) requirements, and approximately 60% of the signal is retained while over 99% of the background is rejected. The efficiencies of these requirements are determined by studying kinematically selected
+ and Λ → pπ − decays obtained from data, which provide highpurity PID.
In the B 0 → D − π + selection, loose PID requirements are applied since the branching fraction of the signal process is much larger than those of background decays resulting from misidentification. In the B [19] . This procedure almost fully eliminates this background. The efficiency of the selection is obtained from simulation and is summarised in Table 1 .
Signal yield determination
An unbinned maximum likelihood fit to the candidate invariant mass distribution is performed for each of the three final states. The signal shapes are parametrised by a double-sided Crystal Ball shape [23] . This function consists of a central Gaussian part, whose mean and width are free parameters, and power-law tails on both lower and upper sides, to account for energy loss due to final-state radiation and detector resolution effects. The functional form for the combinatorial background, an exponential function with an offset, is obtained from same-charge D ± s π ± combinations. All parameters of the combinatorial background are left free in the fit to data.
The physical backgrounds can be split into two categories: misidentified backgrounds, predominantly where one of the final state pions (kaons) is mistaken for a kaon (pion); and partially reconstructed backgrounds, where a neutral pion or a photon is not included in the candidate reconstruction, causing the reconstructed B ± final state, which is allowed to vary in the fit, is consistent with the expected yield based on the relative branching fraction, particle misidentification probability and reconstruction efficiency. For each of the fits, consistency is also found between the fitted yield for both magnet polarities separately and the fraction of data corresponding to that polarity. This demonstrates that the relative yields are stable as a function of time and magnet polarity.
Systematic uncertainties
Systematic uncertainties arise from the fit model and the candidate selection, and are summarised in Table 3 . The systematic uncertainty from the fit model is determined by applying variations to the fit model and comparing the yield to the nominal result, taking the difference as a systematic uncertainty. These variations include a different combinatorial shape, fixing the signal shape tail parameters to values obtained from simulation, and using background shapes determined from simulation matching the LHCb conditions during 2011 ( √ s = 7 TeV). In the D − π + analysis, the fit range is reduced to start at 5100 MeV/c 2 . In the D The uncertainty on the candidate selection is separated into three parts: the uncertainty due to the differences between data and simulation, that due to the PID requirements on the final state pions and kaons, and that due to the hardware trigger efficiency. The first of these uncertainties is determined from the selection efficiency difference between magnet polarities in simulation, and by estimating the uncertainty on the BDT selection efficiency due to differences between data and simulation. This is calculated by reweighting simulated events to match the data more closely, and calculating the difference in BDT efficiency between those and the unweighted samples. The uncertainty on the PID efficiency and misidentification rate is estimated by comparing the PID performance measured using a simulated D * calibration sample with that observed in simulated signal events. The systematic uncertainty from the hardware trigger efficiency arises from differences in the pion and kaon trigger efficiencies which are not reproduced in the simulation. The uncertainty is scaled with the fraction of events where a signal track was responsible for triggering.
A further systematic uncertainty is added to account for possible charmless B 0 decays peaking under the B 0 → D − s K + signal. Some of the uncertainties cancel in the ratios of branching fractions, leading to lower overall systematic uncertainties than those determined individually for each decay channel.
Determination of branching fractions
The ratios of branching fractions are evaluated using the expression
where ε X , f X and N X are the selection efficiency, the hadronisation fraction, and the fitted yield of decay X, respectively, and
is the branching fraction of D ± (s) decays, as appropriate. The following values are used as input [19] :
As a cross-check, a value B(B . This measurement is compatible with the world-average value, and the central value is unchanged with respect to the previous result published by LHCb [8] .
The following results are obtained
), 
is compatible with theoretical expectations [4] . As expected [5] , the branching fraction of the decay [13] V. V. Gligorov and M. Williams, Efficient, reliable and fast high-level triggering using a bonsai boosted decision tree, JINST 8 (2013) P02013, arXiv:1210.6861. 
